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Xh, present invention r.l»te. g.ner.lly to 
Pl~.M-.nh.nced ehe^eei v.por depo.itio» t ~ 
proce.ee. M , or . p . rtlaaarl to ^ 

growing .ilicon dioxide e „ . ,ub.tr.t. .urf.lT^.L 
the .urf.c. i. ei.uit.necu.ly etched .uch th.t th. 
grown .11 icon dioxide l. m hM & re(Jue * 
intrin.ic .tr... end/or . recced hydro^n "SJ, i 

Description of »»i»r ftf i T«rfm ?1 ftTC 

lorMng « M teti.l l«y« ^ rMctl f 
recent, et or n„ r . .ub.t»t. rafi{ ,. 

order'tT ^T"* °" h "*^ « the ^ ™ 
order to proeot. the reectionf., vhieh r„mt in 

formation of co»pouna<.) on the eubstrete surf.*. » 
Proble, vith th.r-.l cvd precede, i. 
potion oocur. et high t-pereture. t£. r^rin^ 
>~t rMietent .uh.tr.te. and it u diM1 '^o ' 

t" C !r iStiCS °' ^ fU » «* " kernel 
^tre... Dependin, on the n.tur. of the d.po.it.d 

«teri.l, the .urf.c. texture regular 
d.pc.ition »ey be high ebo Ut woo . c . ^ 
. Wl ty f c ^cuB.t.nce., 'it would be d ,ir,bl. to b 



able to perform such cvo processes at- lower 
temperatur 8. 



In order to reduce the required urf ac 
. temperatures, a variation of cvo referred to ae pla..* 
enhanced CVD (PECVD) i. employed, in PECVD, a radi ' 
frequency (RT) discharge converts the, gas phase 
raactanta to more reactive free radical species 
resulting in a plasma. The higher reactivity of the 
free radical species reduces the energy required f r 
reaction and thus lovers the substrate surface 
temperature vhich is necessary to carry out the 
process. In particular, the specimen chamber include 
a radio frequency electrode arranged opposite to th 
specimen table. Gas is introduced into the specimen 
chamber vhich is typically at a pressure of 0,1 to 10 
Torr and radio frequency power is supplied to the -• 
specimen chamber to produce plasma. . To grow a film of 
silicon nitride, gaseous molecules of SiH 4 and HH 3 can 
be dissociated into plasma and silicon nitride can be 
grown on a surface of a specimen substrate on <a 
specimen table heated to 300-500 *c. However, 
dissociation of SiH 4 and KH 3 may not be sufficient, H 
may be incorporated into the silicon nitride film' 
and/or the Si-H bond may not be sufficient. 

In a particular form of PECVD, referred to as 
electron cyclotron resonance (ECR) cvd, the plasma is 
established in a separate plasma chamber by the 
application of microwave energy to reactant molecules 
maintained within a magnetic field, m an'ECR CVD 
apparatus, plasma is generated by a microwave 
discharge through electron cyclotron resonance and a 
thin film can b formed on a specimen surface with the 



aid' of a div rgent magnetic field, in this ca 
molecules in the plasma are activated and reacted on a 
ss*ci*en eubetrate to form the thin fila. The 
' apparatue includes a specimen chamber in which a 
5 specimen table la located, a plasma formation chamber 
separated from the specimen chamber, a microwave 
introducing window at one end of the plasma chamber end 
a plasma extracting orifice at the other end of the 
plasma chamber facing the specimen chamber, k magnetic 

10 circuit at the periphery of the plasma formation 

chamber forme a magnetic flux density necessary to • 
produce ECR. The divergent magnetic field reduces in 
intensity in a direction towards the specimen chamber-. 
The plasma formation chamber can have a shape and 

15 dimeneione suitable for forming a microwave cavity 
resonator and gases can be supplied to the plasma 
formation and specimen chambers. 

Of particular concern to the present invention, 
PECVD and ECR cvd processes (also referred to 

20 hereinafter as plasma CVD processes) may be used for 
growing silicon dioxide on substrate surfaces, 
particularly over semiconductor wafers where the 
• silicon dioxide usually forms a dielectric layer 
between adjacent metallization layers. The use of 

25 aluminum in the metallization layers greatly limits 
the maximum temperature to which the wafers can be 
exposed. Plasma CVO allows lower processing 
temperatures to be used compared to thermal CVD 
processes. . 

30 Plasma CVD processes for growing silicon dioxide 

ar very u ful because of their low temperature 
characteristic . However, th re are c rtain 
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li«it*tion on growing saloon a , , 
pi— cvd . Uicon 4i ^S.««* -PO-itic. 
s th. .torn, th. * f™ * 1;icon ttim, i , • 

•Inc. th.y cm " '"»• »r. und Mltibu 

r-cfnt 9..., i» on. 0 « th. 

ineorpoJion i . JSLSi*""' H1 ' h ' f 
««.ocl«t.d with poor fil. ~ aesl " ,>l0 »«e«u«. lt j, 

".l.ctric co Mt ."t P " Pertie ' lnd * . 

Pr««.nti. Uy r Wv . ^J; .to^T' *° 

oound i„ hi gh , r fr .. , ne «* ^- th. fiU.th.t .r. 

oound, *M thu. conttihuu toliu t r "" Stt6n?ly 
•Ptttt.ring. how«v.r * v •**••»• Such 

or oth. r pro^Zl'^l £ Utmir 

optiwaiy iow l,v.l. UC ' ,tr, *« to 7 

• *»*o th. .uicon dio.iL " ^ inco ^»"»» 

d«»cribe, i„ publication* «uoh « c^oli o *" 

vol. 6, No. 2/ pp. 524-532; Flam* et al moo^T 

^oaua ai. (1987), Solid 



State T chnology, March, pp. 43-44; Fujita t al. 
(1985), J. Appl. Phys. 57:426-432; Llvengood and Hess 

(1987) Appl. phys. Lett.. 50:560-562; Llvengood t al. 

(1988) , J. Appl. Phys. 63:2651-2659; Chang et al. 

5 (1917), J. Appl. Phys. 62:1406 et seq.; and Pai~et al. 
(1990), J. Appl. Phys. 68:2442-2449. These processes 
• generally result in the deposition of f luorinated ' 
silicon nitride. 

* 

Processes for periodically plasma etching a 
10 growing PECVD film have been proposed. The etching 

step(s) would be performed only after the PECVD process 
has been stopped and the deposition reactants removed. 

U.S. Patent Ho. 4,401,054 ("Matsuo") discloses an 
ECR CVD apparatus wherein gaseous material and 
15 microwave power are introduced into a plasma formation, 
chamber to generate plasma by microwave discharge 
through electron cyclotron resonance. Matsuo 
discloses that the apparatus can be used to form a thin 
film of Si, Si 3 H 4 , Si0 2 , MoSi 2 and WSi 2 . 

■ 

20 Matsuo discloses several ECR CVD processes for 

forming thin film. For instance, a Si^N^ film can be 
formed by introducing N 2 into the plasma formation - 
chamber and SIH4 into the specimen chamber. Instead of 
introducing only N 2 into the plasma formation chamber, * 

25 Ar can be Introduced to form a Si film or a mixture of 
Ar + 20% N 2 can be introduced to form a si 3 N 4 film.- A 
Sio 2 film can be formed by introducing 0? into the 
plasma formation chamber and SiH4 into the specimen- 
chamber. Phosphorus-silicate glass ("PSG") films can 

30 be formed- by introducing Oj into the plasma formation 
chamber and SIH4 4- PH3 into th specimen chamb r. 
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discharg tub , a solenoid coil for forming a magn tic 
field in a vacuum chamber which includas tha inaid of 
the discharge tube and a specimen chamber, a permanent 
aagnet outside the speciaen chaaber but b low a 
5 substrate table in the specimen chaaber aligned with 
the discharge tube, and gaa inlets in the substrate 
chaaber. The discharge tube is aade of an insulator 
(such- as quartz or aluaina) capable of transmitting the 
aicrowave and the strength of the magnetio field in the 
10 discharge tube decreases in a direction towarda. the 
substrate surface. The permanent aagnet gathers the 
lines of aagnetic force together at the substrate 
• surface. 

• Suzuki forms a Si 3 N 4 hydrogen-free film by 
15 introducing non-hydrogen containing gases such, as SiP 4 
and N 2 in a ratio of 1:1 into the vacuum chamber. 
Suzuki discloses that NF 3 can be used as the nitrogen- 
containing gaa. To produce an a-si film, siP 4 is used 
as the discharge gas. Suzuki .discloses that a silicon- 
20 . containing film can also be grown using Sici 4 , siP n Cl a 
(n + a - 4) or si x p y ci x (x > 2). 

U.S. Patent No. 4,973,381 ("Palmer") discloses a 
method of plasma etching wherein excited gas contacts 
the surface to be etched and excited electrons in the 

25 gas molecules tend to remix with molecules of the 

surface material to form volatile compounds which are 
then removed by vacuum pumps. Palmer discloses that ■ 
the active species of the gas can be a halogenated gas 
such as CC1 4 or a mixture of CC1 4 and 0 2 . Other active 

30 species include 0, OH, F, CO, CP, CI, P 2 , CC1, CF 2 , Cl 2 
and Br. Buffer gases which change the distance the 
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reactant travels in Palmer's apparatus prior to 
recombination include helium, argon and nitrog.n. 

Th re is a need in the art for plasma CVD 
processes for growing filma such at silicon dioxide ' 
over semiconductors and other substrata surfaces to 
provide layers having reduced intrinsic stress and 
reduce levels of incorporated hydrogan in the for* of 
hydroxyl. 

« • 

SUMMARY OF THK •nyYyyn-Q^ 

The invention provides a process for growing a 
SiO x film having reduced intrinsic stress by providing 
a substrata in a reaction zone, simultaneously 
introducing different first and second gaaes into 1 the 
reaction rone, growing a f ii n comprising atoms in " 
ordered and disordered crystallographic states on the 
substrate by decomposing the first gas and reacting the 
decomposed gas on a surface of tha substrate, and 
reducing intrinaic stress in the film by removing 
atoms from the film in the disordered cryetallographic 
state. The disordered atoms are removed by reacting a 
chemically active species of the second gas with the 
disordered atoms and the film growing and intrinaic 
stress reducing steps are performed simultaneously . 

The invention also provides a process for growing 
a SiO x film having reduced hydrogen content by 
providing a substrate in a reaction xone, 
simultaneously introducing different first and second • 
gases into the reaction zone, at least one of the first 
and second gases containing hydrogen, growing a film on 
the substrate by decomposing the' fir t gas and reacting 
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' . d ... with th. substrata, th. growing til» 
to d co»po. 4 9" J" d reBOVln , hydrog n 

^Xudin, W'J* r f etln , ^ grevlng t U. with . 
— Sl^X in . cond th. til- 
^1^.0 «~vin, at.p. 
simultaneously. 

• ^ ^TSS^^ th. t U. growing -tap. 
.long yith th. am « tir.t end ..cond 

and th. fil- P Th. proc... U 

r-"' 4 tr0 » th V" r * a .ilicon dio*id. 1U» 

particularly «-.ful in , meM) iloxld ,, th. 

en » 8 e»iconductor wat.r- colitalBta , ga. such 

org.no.iUn.., th. ».e»nd , f , srs . Br 2 . 

,.. ,uch .. W,. 4 „ n COBP rl.. 0,. H 2 0 

CX ' " "\? £ m^ an b. Producd dir.ctly 

organoailena. 

intrinsic ittesa reducing and 
*" tU »' t0Vi " 9 ' cant. P.rxor».d ln a v.eu-n 
hyd rog.» racing f ^ 0 f a pla»« 

2S .nvirona-nt .uch a. « *•» _ w «atu.. 

ch«ical v»PO^P;» lti0 an t ^ uc . tt . nagnitud 
intrlnaio .tr- fducin,^ atop c J00 
■ of intxinaio *™ >J Xy M o 

prafrably flow ISO » » *~ can ie d»ca hydrog.n in 
30 wa. Th. hydrogan "f^thfmHo b low , at. t, 

*»» -^at r pr - tersbiy b,iow 1-5 

pr f rabiy below 2 at. 
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at. %. The Intrinsic stress reducing stop and/or the 
.hydrogen r moving step preferably tch • the growing 
film at a rat of 20 t 90% or 20 to 601 of a rata at 
which the film grows during the film growing atep. 'xhe 
5 etching rate can be adjusted by controlling the ratios 
of. the gases introduced into the reaction tone. 

DESCRIPTION OP THE PREFERREn pffiOnTttlHlTff 

The present invention provides an Imp roved 
process for growing films such as SiO x films over 

10 substrate surfaces, particularly for the plasma- 
enhanced CVD (PECVD) and electron cyclotron resonance 
(ECU) CVD of silicon dioxide on semiconductor .wafers ' 
during device fabrication procedures. The improvement 
comprises the combination of plasma-phase chemical etch 

15 reaction (s) concurrently with the plasma-phase chemical 
vapor deposition reaction (s) occurring at or near the 
substrate surface. It has been found that the chemical 
etching of certain high, free energy, unstable ' atoms 
during the deposition process significantly reduces 

20 intrinsic stress within the deposited film. 

Additionally, it has been found that the use of halogen 
etchants in the deposition process reduces the hydrogen 
content within the deposited films. Thus, silicon 
dioxide films are produced which are superior to those 

25 obtained without concurrent chemical etching. 

Chemical vapor deposition processes are well . 
known in the art. See, for example, Elliot, intaorratad 
circuit Fabrication Technology . McGraw-Hill Book 
Company, New York, 1982, the disclosure of which is 
30 hereby incorporat d by r ferenc . Conventional 
thermal CVD process s r ly on h at- induced 
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d composition of reactant gases to promote the react! n 
rate of the gases at the substrate surface t produce * 
desired film. In PECVD, disassociation of the reactant 
gases can be enhanced by the application of radio ' 
5 frequency (RF) energy to a reaction, tone proximate the 
substrate surface, creating a plasma of highly-reactive 
ionio species. See, Chapman, Glow ni,^^, p y< y,.',i. f , 
John Wiley and Sons, New York 1980, the disclosure of 
which is hereby incorporated by reference. 

10 Recently, a variation of Pscvo referred to as 

electron cyclotron resonance (ECR) cvo has been 
developed wherein dissociation of the reactant gases 
into a plasma of ions is achieved in a separate plasma 
chamber by exposure to microwave energy, typically at 

15 2.45 CHs, in the presence of a magnetic field. 

Electrons are constrained to move in orbits in the '■: ' 
magnetic field. The electrons then drift in the 
direction of the diverging magnetic field which extends 
toward the substrate. The extraction of the electrons- 

20 from the plasma chamber via the magnetic field impos s 
an electrical potential gradient which then draws the 
ions out of the plasma chamber after the electrons . In 
the vicinity of the substrate surface, the RT 
discharge creates a large potential gradient oyer a 

25 short (with respect to the scale of the machine) 

distance which accelerates the ions perpendicularly 
towards the substrate. Thus, the ions are only 
directly affected, to any substantial degree, by the 
electrostatic fields that exist in the plasma/ not by 

30 the magnetic or RP fields. By varying the RF power . • 
applied to the substrate, the magnitude of the 
pot ntial gradient and thus the arrival energy of th 
ions at the substrate surface, can be varied. 

- 11 - 



ECR CVD has numerous advantages inoluding 
independ nt (non-coupled) control over the plasma 
generation nergy and the RF bias energy, ' 
Additionally, the shape of the plasma can be modified 
5 in a desirable manner by the magnetic field. 

The methods of the present invention are 
particularly advantageous when applied to PZCVD and ECR 
CVD processes. The use of . simultaneous etching could, 
also be incorporated in conventional thermal. cvd 
10 processes as veil. 

CVO reactors suitable for use in the present- 
invention may be conventional and can include a support 
surface for one or more substrates, typically 
semiconductor wafers, and a means for cooling the • 
eubstrate(s) to below a deaired temperature/' typically 
below about 4S0*C, more typically in the- range from 
about 400-c to about 250'C. The cooling means may 
comprise fluid cooling channels formed in the body of 
the support surface for the wafer, PECVD reactors 
20 further include a radio frequency discharge means, 

typically a pair of electrodes, capable of producing a 
glow discharge which converts the gaseous raactante and 
the vapor phase etchants into* corresponding free 
radical species. ECR cvd reactors include an electron 
25 cyclotron resonance source for producing the desired 
reactive plasma species and may include an RF .biasing 
means for accelerating the reactive species towards th 
wafer. 

According to one aspect of the pr sent 1 invention, 
30 siO x can be formed by the vapor phase (usually plisna 
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phase) reaction of a silicon reactant such as ailane 

(SiH 4 ), disilane (Si 2 H 6 ), silicon tetrafluoride (8ir 4 ), 

silicon hexafluorid (si 2 p 6 ) , silicon tetrachloride 

(SiCl 4 ), silyidichloride <SiB 2 Cl 2) , and coamerically 

available organosilanes such as TEOS (tetraathoxy- 

•ilana), TOMCATS (2,4,6,8 tetramethylcyclotetra- 

•iloxane), DABS (diacetoxyditertiarybutoxyailane) and 
tha like. 

Tha oxygen reactant can ba selected from gases 
such as molecular oxygen (0 2 ), nitrous oxide (H a O) , 
carbon dioxide (C0 2 )', and the like. Tha flow rate of 
the reactants into the reactor will depend primarily on 
reactor size, deposition rate, number of wafers, and 
the like. The ratio of silicon reactant to oxygen 
reactant will typically be in the range from about 5:1 
(oxygen: silicon on an atomic basis) to about 2:1, more 
typically being in the range from about 4:1 to about 
3:1. The silicon and oxygen reactants can ba 
introduced as separate gases or as part of tha same gas 
(a.g. organosilane gas) . 

For PECVD and ECR CVD, the pressure within the 
reaction zone of the reactor should preferably be 
maintained substantially below atmospheric, typically 
being below about 1 Torr, usually below about 100 
mTorr, and advantageously being in the range from 
about 0.5 to 100 mTorr. Tha pressure can be maintained 
using conventional rotary and turbomolecular or 
diffusion pumps in combination with conventional 
pressure control instrumentation. 

In th case of PECVD, radio frequency discharge . 
will b provided in order to indue a glow discharge to 



maintain the reactant and etchant speci s i n thair fr 
radical forma. The radio frequency can typically be ** 
applied using internal opposed electrodes operated at a 
frequency of about 13.56 KHi. Tha povar lav 1 aay 
vary froa about o Watte-cm* to about 2.5 Vatts-ca? 
typically being in tha rang, from about 1 watt-ca^'to 
about 2 Watts «cm 2 . 

In tha case of ECR CVD, microwave anergy U 
introducad into tha plasma chambar where tha conditions 
for alactron cyclotron raaonanca ara mat. Typical ECR 
conditions ara a microwave fraquancy of 2.45 CHs and a 
magnatic fiald strength of 875 Causs. Tha microwav 
pcvar levels can typically ba in tha range from about 
0.2 kW to about 5 kW, usually baing in tha ranga 'from 
about I kW to about 3 kW. 

As described thus far, process conditiona ar 
similar to thosa ampioyad in conventional PZCVD and ECR 
CVD silicon dioxide deposition. In tha present 
invention, however, tha conditions ara modified to 
selectively induce chemical plasma etching of 
relatively high energy silicon dioxida molecules which 
if not removed, would increase the intrinsic stress of 
tha deposited film. 

As used herein, intrinsic stress ia defined as 
stress inherent in tha deposited film, in contrast to 
film stress which results from differential thermal 
expansion between the film and substrate. Intrinsic 
stress is conveniently measured in units of HPa and can 
ba determined by equipment which measures bowing of th 
wafer caused by stress. Such measurement techniques 
ara wall known and tha measuring equipment is available 
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fr a coaaercial suppliers, such as Flexus, Sunnyvale, 
California. 

Cheaical etching according to th praa nt 
invention is carried out concurrently with deposition 
5 by introducing a vapor phase" cheaical e tenant to the 
mixture of reaction, gases so that an etching mechanism 
will occur simultaneously with the silicon dioxide 
deposition aachanisa within the reaction zone. The 
etchant can be a conventional cheaical etchant of the 

10 type used for plasaa etching of silicon dioxide. The * 
etchant can be further selected so that it will not 
significantly introduce iapurities into the fila and 
will be otherwise conpatiblo with the process . 
characteristics. Suitable etchants for the process of 

IS the present invention include halogen etchants, such as 
nitrogen trifluoride (NF 3 ), HF, SF 6 , CF 4 , C 2 F«, 
C2CI3F3, SF$, and the like, as well as pure halogens, 
such as broaine (Br 2 ), chlorine <C1 2 ) , fluorine <F 2 ), 
iodine (I 2 ), and the like. The uee of HF 3 is 

20 preferred. The use of pure halogens, however, is not 
preferred since they expose the deposition equipaent to 
corrosion. Also, sulfur-based and carbon-based 
etchants, such as SF 6 , CF 4 , C 2 F$, and the like, are not 
generally preferred as they can result in undesirably 

25 high levels of iapurities such as residual carbon or 
sulfur in the deposited fila. 

The etchants will be introduced to the reaction 
rone (or optionally to the plasaa chamber in the case 
of ECR cvd) in an amount sufficient to achieve an 
30 appropriate balance between the deposition rate and the 
ten rat • Typically, higher amount of etchant 
results in a lower' deposition rat f the SiO^ fila. 

- 15 - 



Suitable etch rata* can vary from about 20% to about 
90% of the d position rate. For xaaple, . the etch rate 
can be from about 201 to about 60% of the deposition 
rate. The atomic ratio of fluorine to silicon ' 
5 introduced to the reaction zone can be between about 
HIO to 4U (Fi$i), usually being between about ltio t 
2j1 (P:Si). 

• 

Use of the halogen etchanta according to the 
present invention has bean found to reduce the" aaount 

10 of hydrogen in the fora of hydroxyl (OH) which is 

formed within the deposited silicon dioxide layer. In 
conventional processes, the aaount of hydrogen present 
as hydroxyl will often exceed 10%, typically, being 
above about 5%.. Using the aethod of the present 

15 invention with halogen etchants, the aaount of hydrogen 
in the deposited silicon dioxide layer can be reduced 
to below about 3 atomic %, frequently being below about 
2 atoaio %, and often being below about 1.5 atpaic %. 
The aaount of hydrogen incorporated in the silicon 

20 dioxide f ila aay be measured by conventional aethods 
and equipment, such as those which employ infrarsd 
spectroscopy, such as the Bio-Rad FTS-? analyzer. 

Although the invention has been described with 
reference to the foregoing eabodiaents, various changes 
25 and aodifications aay be aade thereto which fall within 
the scope of the appended claims. 
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What T« CI^aH T «. 

1 X. A proc es for growing a siO x fila having 

2 reduced intrinsic stress, comprising the at ps f t 

3 providing a substrata in a r action s net. 

4 - siaultaneously introducing first and second 

5 gases into tba reaction zone, the firet gas being 

6 different froa the second gas; 

growing a fila on the substrate by 

8 decomposing the first gas and reacting the decomposed 

9 gas on a surface of the substrate, the growing fila 
10 comprising atoms in ordered and disordered 

XI crystallographio states; and 

12 ' reducing intrinsic stress in the film by 

13 removing atoms froa the growing fila in the disordered 

14 crystallographic state, the disordered atoas being 

15- removed by reacting a chemically active species of the 

16 second gas with the growing fila, the fila growing and 

17 intrinsic stress reducing steps being perforaed 

18 simultaneously. . 

1 *• process of claim 1, wherein the first 

2 gas comprises an organosilane gas and the second gas 

3 comprises a halogen containing gas. 

1 3. The process of claim 1, wherein the first ' • 

2 gas comprises a silicon containing gas and the second 

3 ges comprises a halogen containing gas, the process 

4 further comprising a step of introducing a third gas 

5 into the reaction zone during the fila growing step, 

6 the third gas comprising an oxygen containing gas and 

7 the fila consisting essentially of silicon dioxide. 

m 

1 4. The process of claim 1, wherein the first 

2 g s comprises a gas selected froa the group consisting 
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Of S1H<, Sl 2 H 6 , S1F 4 , Si 2 T Sl SlcX glH , 
organoailanes. 

5. The process of claim 3, wherein the thitd 
ges cerises a gas selected, fro. the group consisting 
ot 0 2 , * 2 0 and C0 2 . ^ 

«. The process of claim i, wherein the second 
gas ccapri.es a halogen gas selected from the grouo 
consisting of HT 3 „. SF 6 , CP 4 , c 2 F 6 , 
Br 2# Cl 2 , r 2 and I 2 . 

7. The process of claim i, wherein the f iim 
growing and intrinsic stress reducing steps are • 
performed in a vacuum environment. 

s. The process of claim 7, wherein the vacuum 
is below 1 Torr and the substrate is maintained at a ' 
temperature below about 450 *C, 

9. The process of claim 1, wherein the film 
growing and intrinsic stress reducing steps are 
carried out in a reaction chafer of a plasma enhanced 
chemical vapor deposition apparatus, 

10. The process of claim 1, wherein the 
intrinsic stress reducing step reduces a magnitude of 
intrinsic stress in the film to no gr.ate r than a range 
of 100 to 200 KPa. • 

1 11. The process of claim 1, wherein the second 

2 gas coaprises a fluorine containing etchaiit.. 
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12. Th proc ss of claia 11, vh r in th 
fluorine-containing etchant is introduced to the 
reaction zone at an atomic ratio of p :S i of b twee* 
1U0 t 4:1. 

» 

13. The process of claia i, wherein the fila is 
deposited on a silicon wafer. 

14. The process of claim 13, "wherein the silicon 
wafer includes an exposed ftetallUation layer end the 
SiO* fila i a applied as a dielectric layer on the 
silicon wafer. 

15. The process of clai» i, wherein at least one 
of the first and second gases contains hydrogen and the 
intrinsic stress reducing step results in reducing 
hydrogen content in the fila. _ 

16. The process of claia is, wherein the 
intrinsic, stress reducing step reduces hydrogen in the 
for. of hydroxyl in the fila to no greater than' a ranee 
of 1.5 to 3 at. %. 

17. The process of claia 1,. wherein the 
intrinsic stress reducing step etches the fila at a w 
rate of 20 to 90% of a rate at which the film is grown? 
during the fila growing step. 

18. K process for growing a SiOjj fila having - 
reduced hydrogen content, coaprising the steps oft 

providing a substrate in a reaction xoher 
siaultaneously introducing first and second 
gases into the reaction 2one, the !ir t ga being 



8 

9 
10 



6 dif f rent than the second g aa ^ at lmt on# of ^ 

7 fir t and s cond gases containing hydrogen? 



growing a film on the substrata by 
decomposing the first gas and reacting the decomposed 
gas with the substrate, the film including hydrogen 

11 atoms therein, and ' 

12 removing the hydrogen atoms from the film by 
reacting the growing film with a chemically active 
species in the second gas, the f ii a growing and 
hydrogen removing steps being performed simultaneously. 



13 
14 

15 



1 19. The process of claim 18, wherein the first 

2 gas comprises an Organosilane gas and the second gas 

3 comprises a halogen containing gas, 

1 20. The process of claim 18, wherein the first 

2 gas comprises a silicon containing gas and the second 

4 

5 
6 

7 



gas comprises a halogen containing gas, the process 
further comprising a step of introducing a thirif gas 
into the reaction zone during the film growing step, 
the third gas comprising an oxygen containing gas and 
the film consisting essentially of silicon dioxide. 



1 21. The process of claim 18, wherein the first 

2 gam comprises a gas selected from the group consisting 

3 of SiH 4 , Si 2 H 6 , SiF 4 , Si 2 F 6 , SiCl 4 , SiH 2 Cl 2 and . 

4 organosilanes. 

• • * * 

.1 22. The process of claim 20, wherein the third 

2 gas comprises a gas selected from the group consisting 

3 of 0 2 , H 2 0 and C0 2 . 

1 23. The process of claim 18, wherein the second 

2 gas comprises a halogen gas selected from thm gr up 
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consi ting of HF 3 , HF, SF 6 , CF 4 , C 2 P 6 , C 2 C1 3 F 3 , SF 6 , 
Br 2 , ci 2 , F 2 and X 2 . 

24. The proc ss of claim la, wherein th fili 
growing and hydrogen raaoving steps are performed in a 
vacuus environment. • 

25. The process of claia 24, wherein the vacuum 
is below X Torr and the substrate is maintained at a 
temperature below about 450'C. 

26. The process of claim 18, wherein the film 
growing and hydrogen removing steps are carried out in 
a reaction chamber of a plasma enhanced chemical vapor 
deposition apparatus. 

• • • 

27. The process of claim 18, wherein the 
hydrogen removing step reduces a magnitude of intrinsic 
stress in the film to no greater than a range of 100 t " 
200 KPa. 

28. The process of claim 18 , wherein the second 
gas comprises a fluorine-containing etchant." 

, 29. The process of claim 28, wherein the 
fluorine-containing etchant is introduced to the 
reaction zone at an atomic ratio of ?isi of 1 no to 
4:1. ' - 

30. The process of claim 18, wherein the film is 
deposited on a silicon wafer. 

31. The process of claim. 30, wherein the silicon 
waf r includes an exposed a tallizati n layer and the 
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SiO x t ila is applied as a dielectric layer on the 
silicon wafer. 

32. The process of claim 18, wherein the 
hydrogen reducing step reduces hydrogen in the form f 
hydroxy! in the film to no greater than a range of 1.5 
to 3 at. %. 

33. The process of claia 18, wherein the 
hydrogen reducing step etches the film at a rate of 20 
to 90% of a deposition rate of the f ila during the film 
growing step. 
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